The purpose of this research is to enable better understanding of current environmental conditions through the relations of environmental variables to the historical record. Our approach is to organize and visualize land surface model (LSM) outputs and statistics in a web application, using the latest technologies in geographic information systems (GISs), web services, and cloud computing. The North American Land Data Assimilation System (NLDAS-2) (http://ldas.gsfc.nasa.gov/nldas/; Documentation: ftp://hydro1.sci.gsfc.nasa.gov/data/s4pa/NLDAS/README.NLDAS2.pdf) drives four LSM (e.g., Noah) (http://ldas.gsfc.nasa.gov/nldas/NLDAS2model.php) that simulate a suite of states and fluxes for central North America. The NLDAS-2 model output is accessible via multiple methods, designed to handle the outputs as time-step arrays. To facilitate data access as time series, selected NLDAS-Noah variables have been replicated by NASA as point-location files. These time series files or 'data rods' are accessible through web services. In this research, 35-year historical daily cumulative distribution functions (CDFs) are constructed using the data rods for the top-meter soil moisture variable. The statistical data are stored in and served from the cloud. The latest values in the Noah model are compared with the CDFs and displayed in a web application. Two case studies illustrate the utility of this approach: the 2011 Texas drought, and the 31 October 2013 flash flood in Austin, Texas.
large scale climate dynamics to local conditions. This complex system carries a large degree of uncertainty, so hydrologic variables are considered stochastic, i.e., variables with underlying distributions that vary in time and space.
The Land Data Assimilation System (LDAS) is a model developed, implemented, and shared by the National Aeronautics and Space Administration (NASA) with the purpose of being a thorough, consistent dataset of the heat and water fluxes between the atmosphere and the land-surface hydrology. LDAS variables are exposed through two sets of products: National (NLDAS) and Global (GLDAS). The NLDAS grid has 0.125 degree spatial resolution (approximately 14 km), with hourly and monthly estimates since 1979. The GLDAS grid has 0.25 degree resolution (approximately 28 km), with 3-hourly and monthly estimates since Gourbesville () describes a general context of how new technologies can create datasets with added value, emphasizing that current datasets are more extensive and dense than the ones in the past. It concludes that future studies must focus on data management; improving the ways that information is shared and presented. The latest conditions of soil moisture in NLDAS can be compared to those in the past by using statistical distributions for each variable unique to each calendar day and spatial grid point. Lakshmi () for the analysis of soil erosion rates. The research uses as a study case the Garhwal region in the Himalayas. The study reinforces the fact that geospatial applications efficiently communicate information through maps displaying the geographic distribution of the variable of interest (soil erosion in that case). The research did not provide a webbased application solution, whose implementation would be preferable. In addition, there is a significant effort being applied in the data preparation and post-processing. In the present research, an integration of historic data, statistical analysis, and latest results helps to create a more complete picture of the current state of a hydrologic variable in a spatial location. This integration can be automated, through web applications and the latest developments in geoinformatics technologies to increase the added value of hydrologic data. The objective of the present research is to integrate the latest and historic NLDAS soil moisture data through a statistical analysis, and to expose the results in a web application. This approach has been extended to other NLDAS Noah variables (precipitation rate, snowfall rate, surface runoff, evapotranspiration, and surface temperature) but the visualization and analysis of these variables' time series model outputs is still in progress and is not presented here.
The North American Land Data Assimilation System
The North American Land Data Assimilation System Mississippi basin. The research shows that the analysis of long-term soil moisture and its anomalies can be used as a precise drought indicator. They identified mean and common ranges of soil moisture values during normal, flood, or drought conditions but did not associate probabilities for these values.
Statistical analysis
The expectation of extreme events is one of the major appli- 
STATISTICAL ANALYSIS
The statistical analysis is based on the modeling of the empirical CDFs on a daily basis, based on the NLDAS 2-Noah soil moisture data obtained for Texas during a period of 35 years . The data retrieval is made through NASA's data rods web service, which provides the time series for a given NLDAS grid cell. The use of data rods improves the data access process for this analysis, because each cell can be processed independently (i.e., in parallel). The data retrieval process is automated and implemented using HPC resources at the Texas Advanced Computer Center (TACC).
First, a subset of soil moisture (variable x) values S x,d t 2 t 1 is obtained from the time series S x j t 2 t 1 for the calendar day d (Equation (1)), where t 1 , t 2 are the start and end date of the time series. Second, an equal probability is set for each element in S x,d t 2 t 1 (Equation (2)) and the values are ordered from smallest to largest (Equation (3)). The cumulative probabilities F d (x) are calculated (Equation (4)) for each x value.
Finally, the percentile values q p (F d (x)) are calculated (Equation (5)) for the cumulative probabilities from 0 to 1 every 0.05 steps, with q 0 as the minimum value, q 1 as the maximum. In most of the cases the q i percentiles were i ∈ [0:05, 0:95], linearly interpolated using the closest upper and lower values.
is the closest lower value, and q p(L) < q p < q p(U) . 
Each grid cell in

WEB APPLICATION
The web application architecture is structured with three underlying components ( Figure 1) : (1) Figure 2 for a grid cell north of Austin show that the soil moisture increased in the past days due to storm events, and had wetter conditions than historically normal for that day (5 February 2015).
Client-side
The client web application is deployed using a Python web framework known as Django (Django ) . This web framework allows the deployment of complex applications that need access to databases, external servers and provide an HTML interface for the user. In this scheme, the user interacts with the web application by clicking on the map, resulting in click-events sending to Django the grid location identifier using the ArcGIS API for JavaScript (Esri ) .
This grid identifier is used as an input for two Python modules: one that retrieves data from the cloud storage platform, and another that collects the soil moisture time series for the previous 30 days from the NASA data rods web service. The results from these two requests are encoded in JSON and returned to the web client for geospatial visual representation and plotting statistical charts. Geospatial content is loaded in the client web application using the ArcGIS API for JavaScript, which provides a light and fast way of embedding map layers in web applications. Statistical plots are created using the HighCharts JavaScript library (Highcharts Developing Team ).
Server-side
Two servers support the web application: a geospatial server and a data server. The geospatial server is an instance of ArcGIS for Server running at CRWR, which provides the map layers used for the click-events interaction with the web application. The map layers on the geospatial server are web services exposed through a REST API that can be moisture values, the 20th, and the 80th percentiles in the previous 30 days before the storm, identifying a significant increase in the soil moisture due to previous storms. The plot on the right shows the CDF and the pre-storm soil moisture that corresponds to an 87th percentile. These wet conditions indicate the potential for larger runoff volume in the event of another storm, which is exactly what happened.
DISCUSSION
The statistical analysis of soil moisture provides an insight of the pre-storm absolute water content in the soil. Nevertheless, more information is needed to properly describe an extreme event such as the 2013 Halloween flood in Austin. The estimation of percentage saturation from soil moisture would be ideal, but additional soil information would be required.
The Halloween flood was a complex extreme event in which different factors converged to increase its impact: the timing, magnitude, and distribution of the storm; the characteristics of the watershed; and human development and lack of flood control infrastructure. The statistical analysis of soil moisture presents a guide of when the soil is wetter than historic conditions and prone to produce more runoff if a storm occurs. However, soil moisture data alone are insufficient for a flood risk characterization. A study that expands this work to use more variables and linking the statistical analysis with real time data would be necessary.
For the Texas drought 2011 case, the soil moisture percentiles are a good parameter for understanding the persistent dry conditions. The daily time-step is small for this application and the same results can be achieved using a monthly time-step: reducing the data needed and the processing time. Moreover, similar statistical analyses for other NLDAS variables such as precipitation, runoff, and their interrelations are needed.
FURTHER WORK
The web application prototype is a seamless integration of data and geographic services. It is a cloud-based solution for displaying a large dataset in its geographic context. It shares its core ideas with Tethys ( Jones et al. ) which is a Django-based platform to develop web applications, easing the web application development process. The following updates would be implemented using the Tethys platform:
• Improving performance of drawing grid (especially needed for national scale).
• Supporting selection of begin/end dates for time series (data rods explorer).
• Supporting display of other LSM outputs, such as precipitation rate, surface and subsurface runoff, and surface temperature.
